The Application of a DNA-based
Molecular Approach to Identify
Sources of Fecal Contamination: The
Search for Pathogens




Objectives

m Provide a brief intreduction te) the: Uuse of
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Why are we interested In these guys?

s PatNogens are: knewn to; cause harmiil
(even deadly)lniecliols diISEases:;

n @lithe designated uses listed n seclion s0sSe
ef ther Clean\WaterrAct, proieclion irem
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Have committed violations associated
with the following:

a Saie Drnking\Water  w hotallVMaximun
A DailyAltead (HVIDLL)

s Tiotal Colitorm RUle: o Ground Water Rule

 SUniaceVWater » GonfinedAnimal

ireatment Rule .
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Known Hang-outs

Primary. SeUlCES:

Agriculturall eperaens -
IVESTeEK, manuie
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Rap Sheet: Outbreaks of Disease

1909 England
1924 Connecticut
1982 INEew: York
11942 Calliemia
1192y Engiand
19658 AuStralie
1975 Vemrmont
1974 Elance
1194 SouthrCarelina
119¥6 jeWa

1962 Michigan




Modus Operandi (MO)

Usually enter surface and groundwater by means of:
» Eloedievents = storm Water run=oi

5 Abandened WEls = providerardirect channel ior
contaminanis iorpelltiertneraguiier Deleow.

u Poprlyiconstitictedwells =allow o contamination
[ieMISEPHC ENKS PIECEM 106! CIOSE:

1 Spilisi=matenal spilled ordimpedinear awellican
leachinierthe aguiierandicontaminate the
glieundwaterrdrRwnNrem awell:




Last known major crime:

-
Surface Water Contamination W

\Walkerton, Ontario

Rural famm; community.

e Wellwaterwas: contaminated by suifacewater caniy/ing
IVesieckawastie immeciately aiterrneavy iR Siermns;

e drnking Walerwasinsuimicienty chlennaied te KillfE coll
fiiem e manure, causing the ouiereak:

AVirulent straipreiiintestinalibaciernaleit v eeadianae
Hevsands i Pheneiypic aned meleculariypineg metieds
conlimmed the: presence off arsingle E. colif type - O1S7 I T
and avanety e Campylehacierrspe: sifains, WhlchWere also
ieURANN cattierfiremnearay iarms;




How do we search for pathogens?

By Using Indicator
Oli@anISms:

u Relatively easy 1o
ISolate:

a SUnviverlonger that
MeStH disease-
PrECUCINGl CrganRISHIS!

a Are alimestalways
PreseninWater
CONLAINING ENENE
PEGYERS:




The Usual Suspects

n [etal Coliform:- primaly Used 1e)assess potable water
aceceptanity.

[E2St knewn placereiiresidence: naitially ocecurs and can e
ieUREIRRIaNntS and sells:

>1000 cfu/100ml. total coliform and 33 cfu/100mL E. co/i




Known Assoclates

s Fecal Coliform- prmarnly used to assess wastewater and
ether nen-potakle water quality.

[Last knewn: place: el residence: gastromiestinal tract of
AUManRs and WaimEbleeded animals:

a E Coll-recommendeaiierassess quality eifiresiwaler.

[Last knewn: place: el residence: gastromiestinal tracl of
AUMaRSs and WaimnEbleeded animals:

5 ERiErococelr recommended torassess guality eirmanne
Water:

[EaSt knewn placer eliiresidence: gastioniesiinal tract of
HUmanRsiand Warm=hloeded animails:




Water Quality Criteria

a fiecal coliform
200 ciu/100 mit

n E. coll
126 cit/d 00 mit

B ENlEreCoeEe)
33 Cli/A00NmIL=

fecal coliform bacteria




How do we address this iIssue?

By exploring the use of Innevative approaches
suchrasiMicrehial Seurce racking.

n VicrenialfSoureeliracking ((VISiIHss arelatvely
AeVeEllappreachthat IS ConsIdered 1o e e est

ool availablereridentiiying SeUnCES of iecal
polUbeRNIWater

o 1S basedi o the assumpien thal SPECIcC SPECIES
aiid Sirains ol hactena alierasseciate dhWiti SPECITiC
glo)sjis)




are you?




Bacterial Source Tracking

Iypes ofi Metheds

n Vielecular (genoetype) are all reierned ieras  DINA
fINGErprRting™ andfare hased enithe URIgUE geERelic
makeup el different stirains, e SUBSPECIES; o iecal
PECIENE

§ Biechemical (PhEneypPE) MENeES arehased en an
efiect ofi anerganisn s genes; that actively preduce
a piochemicalisuiastance: Chemical metheds are
PaSed eoniinding chemicalicompouRds that are
asspelated Withrtmanwastewater:




Bacterial Source Tracking

n Develop alibrany or datalase o ISelates
Iaken reny Knewn SeUCEs (e.al MUmEn; CoW,
GEEr; Elc.).

u e size efrtetlipan/ Wil e panly,
detemmineardy the numeer o petenRtial na|or
SeUICES| ol fecal polilerRinthe Erget ares.




Which indicator will we go after?

E. coli or enterococcl
8 PErsIsiS Ienegerin the envirenment than E. ol

N canisunvivenn adverse conaiiensi(saltwater
CORAIIENRS)

8 SPECIES ale meNe Seurce SpPECIiic than E: coll

2 iounRdiIn 80=90%: el clinicalliselates taken frem
AUMANS WItANRTECHIoNS




Sampling Plan

m Collected surface water
and cow manure samples
at Chandler Earmain
Athens, GA.

Chandier Farm s ecated
I the Bread RIVer
\Watershed.

e watershedisimpairesd
dUue te excessive nutrHents
a0 palieeENS.




The Capture and Isolation of Enterococci

EPA Methed 1600-mEI agar




On the Road to PCR
m \/ernfy enterecoccl

2 Subculttrerselates; oy
PUIILY.

¥ Reculate the templatie
el Vialsiwitnrsample

N Prepane master mix-
URIgUe and SPECIiic
PHIMENS




PCR Cycling Reactions

x lneculate the
template with master
X

/4
!

u [Cead the template
e the Thermal
Cy/cler

n A typical run takes 2
AOUIKES




PCR Cycling Steps

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

m wm 4]’» ““‘"ﬂh‘ . Step 1: denatura'

1 minut 94 °C
UL

¥ Step 2 : anneali 'I
SI p m'

45 seconds 54 °C

forward and reverse
5 primers !!!

HuIE : -
=y s Step3 ‘e"w“S“".

[ N I N P
/ | 2 minutes 72 °C

> only dNTP's

CAndy Viersiraste |999)




Polymerase Chain Reaction

The first 4 cycles of PCR in detail

wanted gene

L]

termplate DNA . e | ———
s'——,;-f T
¥ F._-‘-\“--..,___‘_ S— T m—
_— . i

SI —— 1 —-""FF._._- : —
§—— -*_—"/'_. ! ’ TTre— ; —3
AT e |
e ————— _H""‘-—pjl' £l -E'
15t cyele 2nd eycle 3th cycle 4th eycle

number of double strands
with the right length : 0 0 2 8

Andy Vicrstracte 20010




Agarose Gel Electrophoresis

= An electncall voltage
ISt applied e therPCR
PIOGUCE 10 cause: the
DINAfiragments o
migrate:

e distance that the NCL e e
DINATirAgmeEnts

migiatens relaied 1o

el melecular

WeIghts anaiaumeer

ofihase pairS_ ladder PCR fragments




Visualization of DNA Product

[Caneri-IDINATmarker, 2-noe DNA SEIECHOCOCCUS; 4=11-Enterococcls-genus; and
haecaliS-SPeCIES Markers; enterococel Iselated hirom streams Infthe Broad
River'Watershed, Athens; GA. Sept. 2003, [Lane 12-DNA marker:.




Enterococci isolates identified
thus far include:

Water

E. faecalis

E. faecium

E. columbae

E. avium

E. casseliflavus

Manure

E. faecalis
E. faecium
E. columbae
E. avium

E. hirae

E. raffinosis




Ongoing Related Work

m [[he staffi off Region 4 willlcontinue te determine the
SPECIES Of enterecocel Iselates oktained fiem;the
Bread River\Watershed, and Wil contibuie te

eRgoeIRg Wekwin ORBD/NERIEaRC USDATARRIDE
AthEens.

a Regien 4 willimantainiinsheuse PCR/EISCHiGPhores|s
and WicrenalfSeurce irdcking capanilities:

§ Region 4s stppertngraninieRARE Project e
develepra naienaliguidance document el USing
MicrenialFSEURCENNRACKING.




Ongoing Related Work

a [he Homeland Secunty, Biolegical Methods Review,
Suibteam, Withrcentiracter suppe, Will puklisira decument
WhHICH sUmmarzes methiedsi recommended o detecting

piclogicallagents. PER, with cllttrertechnigues, Is the
Single; mest prevalentmeed o delecling agents of
CONCEI.




Resource Documents

Ambient Water Quality. for Baciera — 1986

NatienalfRecemmended\VVaier @uality, Criera-Coiection —
1999

ImplEmentaton Guidanceriier Ampient Water @uality,
Critenafer Bacierna-2002

e aboye doctmentsican e fotndialt _ -
et L 2oz clov/iweiiarselanea/ e et/ micra o/ o)
croolzl, neerll
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